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Suborbital Science Missions of the Future

Workshop Summary Report

1. Introduction

In July of 2004, the Suborbital Science office of NASA’s Science Mission Directorate
(formerly Office of Earth Science) hosted a workshop for members of the Earth science
community to discuss future requirements for carrying out science experiments from
aircraft or other suborbital platforms.  The goal of the workshop was to develop
innovative mission concepts and system requirements for each of six Earth science focus
areas to guide new investments in suborbital systems development.

Although not constrained, the workshop targeted potential new technology, such as a new
generation of uninhabited aerial vehicles. Thus, there was a focus on mission concepts
that are not bound by the limitations that have traditionally constrained suborbital
activities in the past (e.g., time a pilot can stay onboard an aircraft, pilot safety
requirements, etc.).  The outcomes point not only to the use of UAVs, but also smart
sondes and other innovative technology.

This report covers only those topics that were discussed at the workshop, plus one
subsequent meeting with atmospheric scientists who could not be present because of a
mission occurring at the same time.  Therefore, the outcomes reflect only those topics
discussed by the scientists who participated.  They may not be entirely comprehensive.
Also, the topics were not prioritized either during the workshop, or subsequently.
Although the topics are likely to represent the most important issues facing the earth
science community today, they were not screened against NASA’s overall priorities.

2. Workshop Structure

The main objective over 2 – 1/2 days was to have the science community describe
science missions they would like to carry out to answer their most critical science
questions and to describe in as much detail as possible the flight and instrument
capabilities that would be required to accomplish such missions.  A professional
facilitator – Cindy Zook – facilitated the sessions.  The facilitator had helped design the
workshop in advance and then led the major activities.

The six science focus themes of what was then called the Earth Science Enterprise
formed the basis for the workshop structure.  The schedule called for periods of time with
all participants meeting together and other periods with theme area scientists meeting in
breakout session rooms.  Among the participants were engineers familiar with airborne
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science platforms and payload integration and operations.  A total of 65 people attended
the workshop. The list of participants is found in Appendix A.

The first morning began with plenary speakers from Aeronautics and Earth Science and
from the program and project offices.  Leaders of several directed studies that have been
underway in parallel to the workshop effort also presented.  The speakers and
presentation titles were:

o Cheryl Yuhas, Suborbital Science manager, HQ - Welcome
o Mike Luther, Science Mission Directorate, HQ – ESE Strategic Plan
o John Sharkey, Dryden Flight Research Center (for Victor Lebacqz) – Aeronautics

Enterprise
o Steve Wegner, Ames Research Center – Introduction to Suborbital Science

Missions of the Future and Directed Studies
o Matt Fladeland, Ames Research Center – Carbon Cycle Focus Area
o John Sonntag, Wallops Flight Facility – Applications of UAVs for Cryospheric

Science
o Carol Raymond, JPL – UAVs in the NASA Earth Surface and Interiors Program

These talks set the stage for the science groups to do their work.  The six science teams
were:

• Atmospheric Composition and Chemistry
• Climate Variability and Change
• Water and Energy
• Carbon Cycle, Ecosystems and Biogeochemistry
• Weather
• Earth Surface and Interior Structure

The teams completed several exercises: 1) to identify science questions, 2) to develop
mission scenarios according to a template, 3) to summarize their most important needs
going forward.  The workshop package, including schedule and templates is shown in
Appendix B.

The complete raw products, presentations and list of attendees of the workshop can be
found at the Internet address listed below.  These products are also being used to develop
a rigorous Requirements Analysis for the Suborbital Systems program and serve as input
to the Civil UAV Assessment.

http://geo.arc.nasa.gov/uav-suborbital/
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3. Outcomes

The outcomes of the workshop were designed to inform future investment decisions for
the Suborbital Science program.  Following is a brief review of the science issues best
addressed from suborbital platforms because of the significant temporal and spatial
resolution that is possible, sometimes in conjunction with other elements of the sensor
web.

3.1 Suborbital Science Uniqueness

Participants were asked to describe the advantage of using a suborbital platform to
perform critical science missions.  Following are some of their responses.

o High spatial and temporal resolution, overlap with and extension of satellite
observations.

o The measurements aboard a suborbital system can be chosen to be much more
comprehensive than the planned and operational satellite instruments.

o Improved targeting of atmospheric phenomena (e.g., Lagrangian sampling).
o Instruments can be calibrated in the air and on the ground pre and post-flight.
o Measurement flexibility and greater capability for instrument upgrades
o High frequency measurements to resolve temporal variation
o High resolution in space, time and spectra
o Loitering capabilities
o Dangerous & Dirty plume measurements
o Not available from space platforms
o Requires in situ sampling of clouds and aerosols.
o Requires coordinated, multilevel radiative flux measurements
o Provides capability to observe small amounts of aerosol over bright regions that

satellites typically can't observe.
o Requires following plume or other pollution events over long distances
o Resolution, time on station, adaptability to key climate event, ability to deploy

drop-buoys in remote regions, unique ice volume and depth observations, detailed
evolution of selected icebergs

o Low altitude network of UAVs, can generate a very high resolution 3-D map
under its footprint and along its flight path.

3.2 Mission Concepts and Analysis

The participants described a total of 33 different missions in various levels of detail.  The
raw descriptions can be found at the project website.  All six science groups contributed
mission concepts based on the template.  (Several additional missions were later
contributed from a follow-on session at the New Hampshire site of the INTEX mission.)
These completed templates provide a wealth of information about the desires of the
science community for airborne science.  The titles of the missions are listed in Table 1.
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Table 1. Mission Concepts Detailed during Workshop
# Mission Title

Atmospheric Composition and Chemistry

1 Clouds and Aerosols
2 Stratospheric Ozone
3 Tropospheric Ozone
4 Water Vapor and Total Water

Tropospheric

5 Tracking long-distance pollution
6 Cloud Systems
7 Long time-scale vertical profiling
8 Global 3-D Species
9 Troposphere daugherships
10 Physical oceanography

Climate Variability and Change

11 Aerosol, Cloud and Precipitation
12 Glacier and Ice Sheet Dynamics
13 Radiation

Water and Energy Cycles

14 Cloud Properties
15 River Discharge
16 Snow-Liquid Water Equivalent
17 Soil Moisture and Freeze/Thaw States

Carbon Cycle, Ecosystems and Biogeochemistry

18 Coastal Ocean Observations
19 Active Fire, Emissions and Plume Assessment
20 CO2, O2 and Trace Gas Flux Study
21 Vegetation Structure, Composition & Canopy Chemistry

Weather

22 Cloud Microphysics / Properties
23 Extreme Weather
24 Forecast Initialization
25 Hurricane Genesis, Evolution and Landfall

Earth Surface and Interior Structure

26 Surface Deformation
27 Ice Sheets
28 Surface Measurements using Imaging Spectroscopy
29 Topography using LIDAR
30 Gravitational Acceleration
31 International Polar Year
32 Magnetic Fields
33 Terrestrial reference frame stability
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An illustration of the mission types described at the workshop is shown in Figure 1.  The
frequency of mission types is a result of the work of the participants but is not meant to
suggest science priorities.
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Figure 1. Mission Types

The locations of the concept missions was truly global.  The map in Figure 2 indicates
nominally the locations of the tropospheric missions described at the workshop.  A full
set of mission maps has been proposed as part of the Requirements Analysis activity.
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Aerial Coverage By Region, Tropospheric
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Figure 2: Global location of missions (example from requirements analysis project)

Platform Requirements

The platform requirements, in terms of altitude, endurance, range and payload-carrying
capability are indicated graphically in Figures 3 through 6.  Some things to note:

o There is a very broad spectrum of requirements in each of these parameters.
o There are extreme requirements for endurance and range.  The range requirement

is sometimes influenced by basing assumptions, i.e., if the platform could be
based anywhere, the range requirements might be less.  Alternatively, if the bases
are limited, the range requirements are greater.

o Both very high-flying and very low-flying platforms are described.  Also, there is
a significant need for vertical profiling, either by a single platform flying at a
wide range of altitude, or multiple platforms. Clearly a portfolio of capabilities is
required.

o In Figures 3, 4, and 5a, there are multiple altitude points indicated for some
missions which require stacked platforms taking simultaneous measurements.

o Figure 6 shows the number of platforms called for by the various mission
concepts.  More than half of the sample missions call for more than one platform
flying simultaneously.
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Flight altitude and endurance
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Figure 3a: Altitude vs. Endurance – raw data

Figure 3b. Altitude vs. Endurance showing flight regimes (from Sharkey)



8

Flight altitude and range
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Figure 4: Altitude vs. Range

Payload wt at altitude
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Figure 5a: Payload weight vs. Altitude
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Payload wt and duration
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Figure 5b. Payload weight vs. Endurance
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Number of Platforms Required for the Mission

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

one two three four seven eight ten more than
ten

one
thousand

Number of platforms

N
u

m
b

e
r 

o
f 

m
is

si
o

n
s 

ca
ll

in
g

 f
o

r 
th

is
 n

u
m

b
e
r 

o
f 

p
la

tf
o

rm
s

Note: nearly 50% of these missions 
require  vertical profiles, either for a single 
plaform, or multiple stacked platforms, or 
dropped or redocking sondes

Figure 6: Number of platforms per mission

Mission Descriptions

Participants were asked to describe the mission in a narrative and also using any flight
profiles or maps they could provide.  Figures 7 and 8 show mission concept graphics for
several missions that were developed in conjunction with the workshop.  Figure 7
illustrates the area needing to be mapped for earthquake faults.  Figure 8 illustrates a
flight profile desired for tropospheric sampling.

Figure 7.  Mapping Fault Zones
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Figure 8. Example of vertical profiling based on INTEX mission

Directed Studies:

In parallel with the workshop, two directed study efforts were undertaken to develop
mission concepts in greater detail.  As mentioned earlier, these were Antarctic an mission
entitled “Mission Concepts for Uninhabited Aerial Vehicles in Cryospheric Science
Applications” and a carbon flux mission in the Southern Ocean, entitled “A suborbital
mission concept for eddy covariance measurements in the Southern Ocean marine
boundary layer using long-duration, low-altitude unmanned aircraft.”  The final
reports on these studies are available on the project website, or by contacting the
Suborbital Office.

Cryospheric Missions

The specific requirements for a set of three cryospheric missions are summarized in
Table 2.  The missions are described by three flight regimes, from short flights based in
Greenland to very long flights from a base in the Southern Hemisphere.  Each would
require detailed measurement profiles.  A nominal flight path for the Antarctic sea ice
mission is shown in Figure 9.
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Table 2.  Mission Requirements for Cryospheric Missions

REQUIREMENT VALUE COMMENTS

Tier A: Short-range missions

PLATFORM location Arctic (Greenland), possible Antarctic

season warm season May in Arctic,
November in
Antarctic

frequency 3+ flights over several weeks

altitude 2000 ft AGL

range 300 nm + 200 nm from base

endurance 3+ hours

speed 100 knots

environment or special
conditions

snow/ice runway, winds terrain following

PAYLOAD instrument 1 scanning laser altimeter

weight 20 lb

volume 3 ft3

power 100 W

environmental conditions

access downward looking

data characteristics data stored on board

insstrument 2 radar depth sounder

weight 100 kg

volume .5m x .5m x .5 m

power 200 - 300 W

environmental  conditions

access downward looking

data characteristics data stored on board

COMMUNICATIONS platform command and
control

line-of-sight?

payload command &
control

required to turn on/off ?

data downlink for instrument health & status

data rate data stored on board

AUTONOMY AND
INTELLIGENCE

platform autonomy flies pre-programmed
way points

terrain following
with stable attitude

payload autonomy /
intelligence

TBD
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Cryospheric Missions REQUIREMENT VALUE COMMENTS
Tier B: Medium to long-range missions

PLATFORM location based in Antarctica, flies
entire continent

3 bases needed to
reach entire
continent

season polar summer

frequency 100 missions per season

altitude 2000 ft AGL for survey

range 4000 km

endurance 14.5 hrs

speed 150 knots

environment or special
conditions

high winds and cold
temperatures

terrain following

PAYLOAD instrument 1 scanning laser altimeter (same as A)

weight 20 lb

volume 3 ft3 also cameras,

power 100 W magnetometers,

environmental conditions cold temperatures and gravimeters

access downward looking

data characteristics stored on board and downlinked

instrument 2 radar depth sounder (same as A)

weight 100 kg could be minimized

volume .5m x .5m x .5 m could be minimized

power 200 - 300 W

environmental
conditions

cold temperatures

access downward looking

data characteristics stored on board and downlinked

COMMUNICATIONS platform command and
control

OTH via satellite or relay

payload command &
control

required to turn on/off ?

data downlink for instrument health & status, also real-time
data delivery

data rate broadband, rate TBD

AUTONOMY AND
INTELLIGENCE

platform autonomy flies pre-programmed
way points

terrain following
with stable attitude

payload autonomy /
intelligence

TBD
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Cryospheric Missions REQUIREMENT VALUE COMMENTS

Tier C: Long-range, over-water missions

PLATFORM location Antarctica from New Zealand,
Chile or Tasmania

season all, especially winter

frequency 3+ flights over several weeks

altitude 2000 ft AGL for survey only,
optimum for transit

range 3650 nm total 1500 nm each way
from base

endurance 4.5 hours on station > 24 hours total

speed 200 knots on station max in transit

environment or special
conditions

wind, dark terrain following

PAYLOAD instrument 1 scanning laser altimeter (same as A)

weight 20 lb

volume 3 ft3 also cameras,

power 100 W magnetometers,

environmental conditions and gravimeters

access downward looking

data characteristics stored on board and downlinked

instrument 2 radar depth sounder (same as A)

weight 100 kg could be minimized

volume .5m x .5m x .5 m could be minimized

power 200 - 300 W

environmental  conditions

access downward looking

data characteristics stored on board and downlinked

COMMUNICATIONS platform command &
control

OTH via satellite

payload command &
control

required to turn on/off ?

data downlink for instrument health & status and real-time
data delivery

data rate broadband (rate TBD)

AUTONOMY AND
INTELLIGENCE

platform autonomy flies pre-programmed way points

payload autonomy /
intelligence

TBD
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Figure 9.  Antarctic Sea Ice Mission



16

Southern Ocean Flux Mission

The southern ocean flux measurements would require very low altitude flight over the
ocean for a precisely patterned flight.  The requirements are summarized in Table 3. The
flight profile is shown in Figure 10.

Table 3.  Mission Requirements for Southern Ocean Flux Mission

 REQUIREMENT VALUE

PLATFORM >24 hour duration on station

Provide data of sufficient temporal and spatal
resolution to understand diurnal effects on air-sea
carbon fluxes

 1000+ km range
Enables basin wide scaling of ship and aircraft flux
data to satellite derived estimates of air sea flux

 stable flight at ~50 knots

Slower speeds allow for higher spatial resolution
sampling as well as facilitating Langrangian, or air
mass following flights.

 all season capability
Allows for measurements in winter and summer to
constrain seasonal and yearly flux estimates

 
ship deployment and/or retrieval

capability

Deployment and/or retrieval from ship provides
measurements over the open ocean and other remote
areas

 
stable flight at 10-100m altitude over

long distances

Enables the measurement of flux within the Marine
Boundary Layer where there is currently very little data
to constrain global models

PAYLOAD Nose mounted turbulence probe
Provides directional wind velocity measurements used
to derive ambient wind field characteristics

 Fast response CO2 sensor
Enables high spatial and temporal resolution CO2 flux
data

 
Javad GPS antennae or Inertial

Navigation Unit
Provides aircraft attititude for further derivation of wind
vectors

 laser altimeter/radar

Ensures that the aircraft maintains a stable altitude
during sampling as well as providing information on
ocean surface dynamics

COMMUNICATIONS Over the horizon (eg. Ku-band)
Allows for command/control and data telemetry
anywhere on earth

 
Line of site communications (e. C-

band)

Provides a means of communicating and coordinating
with other assets in the observation domain without
using OTH bandwidth

AUTONOMY and
INTELLIGENCE multi-aircraft collaboration

Enables multiple aircraft to obtain vertical profiles and
constrain flight path to optimize science return

 payload driven avionics
Ensures that the aircraft maintains a stable altitude
during sampling; allows for autonomous controls
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Figure 10:  A diagram of an eddy covariance calibration maneuver over an instrumented
research vessel.  Stage one measurements will begin with sub 100m altitude flights, while
later stages will fly higher payload aircraft with complementary instruments for providing
larger scale estimates.

Comments on Communications and Autonomy

Scientists were also asked about their needs for communications with the platform and
payload during flight and about their desires for autonomy capabilities within the system.
Some comments are listed in Table 4 below.  In general, most of the missions indicate a
need for over-the-horizon communication with the platform, primarily to monitor
location and status while the platform has flown out of the line-of-sight of the ground
station.  In many cases, the aircraft will be preprogrammed to fly to specific way points
or follow specific tracks.  Knowing where it is responds to flight management
requirements.  On the other hand, real-time communication with the sensor payload is
desired by scientists so that they can monitor both the functionality of instruments and the
science data during flight.  In some instances, scientists would provide feedback to the
flight plan based on the data monitored.

In more sophisticated missions, instrument data could be automatically used by the
platform control to direct or redirect the flight.  An example might be to follow a plume
or a surface feature.  A number of missions call for stacked platforms flying
simultaneously through a vertical column.  Automated tracking between platforms would
be required for such flights.
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Table 4.  Communications and Autonomy Requirements

Mission Type Real-time data
communications

Autonomy needs

Clouds and Aerosols OTH for distance missions Inter-aircraft communication for
stacked platforms

Tropospheric and
Stratospheric
Composition

OTH for distance missions Payload-directed flight to follow
composition or condition
surfaces; Lagrangian
measurements

Weather / storm
surveillance

OTH for distance missions
and real-time monitoring

Long endurance surveillance
requires autonomous health and
loiter control

Fire or natural event
monitoring

OTH for distance and high
band-width event tracking;
imaging

Flight path optimization based
on external input from sensor
web

Low altitude terrain or
ocean surface
following, track or
formation flying

OTH for distance missions,
situation awareness

Precision flying in horizontal and
vertical coordinates; multiple
platforms

Earth surface and
water

Limited to platform control Feature extraction, sensor-driven
flight pattern

Climate change /
vertical profiles

Real-time OTH data from
sondes or other vertical
platforms

Autonomous management of
location

Analysis and Conclusions

Although the requirements are all over the map, literally, but there are some interesting
trends.  These are listed below and in Table 5.
- There are multiple requirements for cloud data, and corresponding weather-proof
platforms.
- There are almost universal OTH requirements, especially since many flights are long
and beyond line-of-sight.
- Real-time data to the scientist on the ground is desired, as a minimum to check
instrument functionality.
- There are many missions requiring multiple, coordinated platforms.
- Interesting combinations of mother/daughter platforms or sondes are proposed.
- Intelligent, autonomous tracking of events or phenomena is desirable.
- Synergy with satellite activities would enhance many of missions and many missions
would complement satellite activities.
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Table 5.  Summary Conclusions

Observation Location Altitude Duration/Range Payload Comm. Autonomy Other
Varied, but
many groups
interested in
cloud
physics

Worldwide;
varied;
including
both poles,
oceans and
land

Surface
to 80k
ft.

5 hrs. to 2 weeks

some loiter
capability

Extended range

Frequent
deployment /
short turn-
around

20 to 3,500
lb.

Active and
passive

Dispensible

In-situ and
remote

Smart and
recoverable
expendables

Nearly
all OTH

Some
inter-
platform

Necessary,
especially
for
tracking
phenomena

Very
applicable
to
planetary
exploration

Many
missions
with
multiple,
coordinated
platforms

3.3 Summaries – Key Capabilities Requirements

Following is a list of some of the key requirements noted by participants.  The list
includes some sensor development requirements.

o Real-time data downlink
o Cutting-edge remote sensors/platforms
o Adaptive, event-driven observations (hurricanes, winter storms, flooding);

regional events
o Increased range, duration, payload capacity, geophysical performance
o low-and-slow as well as high-and-slow platforms
o Diurnal cycle observations
o Sea-land, sea-air, land-air
o Continuous flask sampling from UAV’s
o High precision GPS and pointing
o All different classes of platforms
o Contemporaneous phasing of instruments and platforms and science (co-

evolution)
o Improved data user interface and rapid delivery (near real-time)
o Many 1000's of hours of annual flight time over many years,
o Experimental regimes -- long duration, 3-d sampling, large volumes, many

repetitions.  e.g., month-long campaigns in each of several years.
o Low cost per flight hour, fewer required personnel, reliability and maintainability.
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o Environmentally friendly and tolerant, and system friendly platforms (engine,
vehicle, airspace, etc).

o Pointability, formation flying, etc.,
o Integrated orbital, suborbital, ground-based, and subsurface system-of-systems
o Adaptable and readily deployable systems for observation of abrupt or

unpredictable phenomena.
o Access to international airspace
o Onboard calibration and monitoring
o Coordination with overflying satellites for validation of retrieval algorithms;
o Large, reliable, long term, easily accessible archival system

3.4 Miracles

“It would be a miracle if we had the technology that would enable ….”

• SUB MILLIMETER POSITIONING ACCURACY
• BROAD BAND DATA LINKS- Multi-Mb/s-over the horizon
• Light weight high bandwidth large volume (TB) storage
• Small volume high accuracy (microgal) gravity gradiometer
• Accurate low cost gyros and accelerometers
• Sub arcsecond attitude measurement
• Autonomous precise (sub meter) formation flying
• Lightweight antennas
• Rapid transit to sites (400 knot) with slow speed acquisition (100 knots)
• Spatial separated mount points with significant mass and volume capacity
• Sensor Web: If suborbital could be leaders in developing a sensor web so

scientists, students, the public – everyone – can get the data from satellites,
suborbital and ground-based sources; everyone can get to it quickly and easily;
they can grab what they want and tailor it to their use

• Reduced flight cost: fly for 10,000 hours; get cost/flight hour down
• Traditional way of looking at flight cost should not apply to these mission

concepts
• “Indy 500” type system for UAV’s: They come into the “pit”, we slap everything

new on, pull one payload off, put new one on, and put it right back in the air
• Standardized interfaces for data systems and sensors… interchangeable,  flexible

(goes with “Indy 500”)
• Measure bathimetry – geometry of channels in/and rivers
• Fly through severe weather
• Meter-scale tropo water vapor measurements – remotely
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• Penetrate the oceans at 10,000 ft. – remote sensing (same for land)
• Operation by extremely small crew numbers (ideally crew of 1 or 0); Controlled

from joystick or mouse – complete automation
• Effectively permanent flight (3 months) – a “roving satellite”
• Daughter ship concept – deploy, descend, and re-dock from mother ship
• Near-expendables – small aircraft, if they’re lost it doesn’t matter; they may be

recovered but they are not critical; Many for multi-point measurements.
• Illustrated roadmap: how we’re going to get where we’re going from where we

are… what it’s going to cost… when we’re going to get there
• Significantly miniaturized instruments
• Very tight formation flying
• Very high precision pointing accuracy for optical communication and energy

transmission
• Ability to beam energy to different platforms using microwave (remotely

powering platform)
• Pointing accuracy for high-altitude LIDAR
• Navigation in hurricanes and severe convection, electrical, icing, wildfires,

updrafts, etc. – extreme conditions
• Unrestricted operations in national (international?) airspace
• Very small sense-and-avoid systems
• Small size memory for data storage
• Unrestricted spectrum (frequency)
• Very high bandwidth in polar regions (long range)
• “Returnable bottles”: Sensors so small and so cheap you can go out in the field

with a dozen in your back pack… if you bring them back fine; if not, you can get
new ones

• Standardized data archive system
• My own platform
• Sensor packages embedded into existing world transportation system
• Autonomy to the level of doing group strategic goals: a number of airplanes

flying together to accomplish a mission, with the smarts on board to follow what
they want

• System-level integration (satellite, suborbital and ground-based)

4. Recommendations for Technology Development

On the basis of this workshop, and other input from the science community, the airborne
science group at NASA Dryden Flight Research Center has developed a technology
development plan.  It is part of an overall exercise called the Civil UAV Assessment that
has identified needs and gaps relative to the utility of UAVs for Earth and Planetary
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science.  The plan can be obtained from the Aeronautics office at Dryden.  Relevant to
this workshop effort are the following recommendations:

• Carry out sensor development and miniaturization in parallel with platform
development

• Assure access to the national and international airspace for science missions
• Continue efforts on autonomous avionics and Intelligent Mission management
• Develop mother-ship / daughter-ship concepts that allow simultaneous

measurements in vertical space.

One planned development is that of a very long endurance platform.  The flight envelope
and mission opportunities are indicated in Figure 11.

Figure 11.  Planned performance of long endurance platform and possible Earth Science
missions.
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5. Closing

The workshop activity has produced this summary of science mission requirements.
Feedback from the science community is sought to validate these requirements, and the
resultant technology development plans.  A review of these missions from the perspective
of the science theme area roadmaps is also sought.

With regard to the two directed studies, it is clear that low altitude, low velocity
capability is a requirement.  However, it is not currently being pursued within NASA.
Both directed study teams are currently seeking capable platforms and opportunities to
proceed with these missions.



24

Appendices

APPENDIX A: List of Participants

Randy Albertson
NASA DFRC
Edwards, CA 93523-0273
Ph:
Fax:
randy.albertson@sfrc.nasa.gov

Ken Anderson
NASA ESTO
ESTO/407.0
Greenbelt, MD 20771
Ph: 301-286-6845
Fax:
Kenneth.C.Anderson@nasa.gov

Richard Blakeslee
NASA MSFC
NSSTC, 320Sparkman Dr
Huntsville, AL 35805
Ph: 256-961-7962
Fax: 256-961-7348
rich.blakeslee@nasa.gov

Geoff Bland
NASA GSFC
972
Ph: 757-824-2855
Fax: 757-824-2866
geoff.bland@nasa.gov

Cathy Bramlett
NASA DFRC
Ph: 661-276-3818
Fax: 661-276-2187
cathy.bramlett@dfrc.nasa.gov

John Brozena
Naval Research Laboratory
Ph: 202-404-4346
Fax: 202-767-0167
john.brozena@nrl.navy.mil

Bill Brune
Pennsylvania State University
503 Walker Building
University Park, PA 16802
Ph: 814-865-3286
Fax:
brune@ems.psu.edu

Robert Cahalan
NASA GSFC
NASA/GSFC/913
Greenbelt, MD 20771
Ph: 301-614-5390

Fax: 301-614-5493
Robert.F.Cahalan@nasa.gov

Tim Cohn
USGS
Ph:
Tim Cox
NASA DFRC
Mail Stop 4840D
P.O. Box 273,
Ph: 661-276-2126
Fax:
timothy.h.cox@nasa.gov

Michael Craig
NASA Ames
M/S 245-5
Moffett Field, CA 94035
Ph: 650-604-6586
Fax:
mcraig@arc.nasa.gov

Judith Curry
GA Tech
41 Dayflower Dr.
Santa Fe, NM 85706
Ph: 505-986-0399
Fax:
curryja@eas.gatech.edu

Frank Cutler
NASA DFRC
DFRC P.O. Box 276
Edwards, CA 93525
Ph: 661-276-3998
Fax:
frank.w.cutler@nasa.gov

Craig Dobson
Ph:
Fax:

Jared Entin
NASA Headquarters
Mail code YS  300 E St. SW
Washington, DC 20546
Ph: 202-358-0275
Fax:
Jared.K.Entin@nasa.gov

David Fahey
NOAA Aeronomy Laboratory
325 Broadway R/AL6
Boulder, CO 80305
Ph: 303-497-5277

Fax:
david.a.fahey@noaa.gov

Matt Fladeland
NASA Ames
M/S 242-4
Moffett Field, CA 94035
Ph: 650-604-3325
Fax:
matthew.m.fladeland@nasa.gov

Al Gasiewski
NOAA Environment
Technology Laboratory
325 Broadway R/ET1
Ph: 303-497-7275
Fax: 303-497-3577
al.gasiewski@noaa.gov

Mike Gaunce
NASA Ames
Ph:
Fax:

Robert Green
NASA JPL
4800 Oak Grove Dr.
Pasadena, CA 91109
Ph: 818-354-9136
Fax:
rog@jpl.nasa.gov

Rick Hale
KU
1530 W 15th St.
Lawrence, KS 66045
Ph: 785-864-2949
Fax: 785-864-3597
rhale@ku.edu

David Harding
NASA GSFC
Mail Code 921
Greenbelt, MD 20771
Ph: 301-614-6503
Fax:
david.j.harding@nasa.gov

Scott Hensley
NASA JPL
Ph: 818-354-3322
Fax: 818-393-3077
scott.hensley@jpl.nasa.gov



25

Stan Herwitz
NASA Ames / Clark University
UAV Applications Center  NRP
MS 18-2
Moffett Field, CA 94035
Ph: 650-604-2192
Fax:
sherwitz@mail.arc.nasa.gov

Gerry Heymsfield
NASA GSFC
GSFC, Code 912
Greenbelt, MD 20771
Ph: 301-614-6369
Fax:
gerald.heymsfield@nasa.gov

Robbie Hood
NASA MSFC
NASA MSFC Code: SD60
Huntsville, AL 35805
Ph: 256-961-7959
Fax: 256-961-7523
Robbie.Hood@nasa.gov

Chris Hostetler
NASA LaRC
NASA Langley Research Center
MS 435
Hampton, VA 23681
Ph: 757-864-5373
Fax:
Chris.A.Hostetler@nasa.gov

Yumiko Ito
Lynne Carbon & Associates, Inc.
7813 Mandan Rd. #203
Greenbelt, MD 20770
Ph: 301-765-7690
Fax: 301-765-7692
lynnemcarb@aol.com

Tom Jackson
USDA
Ph:
Fax:

Chris Jekeli
Ohio State University
470 Hitchcock Hall  2070 Neil
Ave, OSU
Columbus, OH 43210
Ph: 614-292-7117
Fax: 614-292-2957
jekeli.1@osu.edu

Tony Kim
NASA
320 Sparkman Dr.
Ph: 202-358-0955
Fax:
tony.kim@nasa.gov

Mike Kurylo
NASA Headquarters
Code YS
Washington, DC 20546
Ph: 202-358-0237
Fax:
Michael.J.Kurylo@nasa.gov

John LaBrecque
NASA Headquarters
NASA Code YS
Washington, DC 20546
Ph: 202-358-1373
Fax:
John.LaBrecque@nasa.gov

Ross Lunetta
USEPA
NERL/ESD/LCB
RTP, NC 27711
Ph: 919-541-4256
Fax:
lunetta.ross@epa.gov

Chris Nagy
NASA DFRC
P.O. Box 273 MS 4840D
Edwards, CA 93525
Ph: 661-276-2626
Fax:
christopher.j.nagy@nasa.gov

Paul Newman
NASA GSFC
Code 916
Greenbelt, MD 20771
Ph: 301-614-5985
Fax:
Paul.A.Newman@nasa.gov

Eni Njoku
NASA JPL
M/S 300-233 JPL 4800 Oak
Grove Dr.
Pasadena, CA 91109
Ph: 818-354-3693
Fax: 818-354-9476
eni.g.njoku@jpl.nasa.gov

Larry Radke
NCAR
Ph:
Fax:
radke@ucar.edu

Carol Raymond
NASA JPL
4800 Oak Grove Dr.
Pasadena, CA 91109
Ph: 818-354-8690
Fax: 818-354-0966

carol.raymond@jpl.nasa.gov

John Riordan
Cindy Zook Associates
Ph:  703-470-7441
Fax: 703-729-6750

Kamal Sarabandi
University of Michigan
Director of Radiation Laboratory
Department
Ann Arbor, MI 48109-2122
Ph: 734-936-1575
Fax: 734-647-2106
saraband@eecs.umich.edu

Susan Schoenung
Longitude 122 West, Inc.
1010 Doyle Street Suite 10
Menlo Park, CA 94025
Ph: 650-329-0845
Fax: 650-329-9951
schoenung@aol.com

John Sharkey
NASA DFRC
Ph:
Fax:

Marc Simard
NASA JPL
MS 300-319D
Pasadena, CA 91109
Ph: 818-354-9672
Fax:
marc.simard@jpl.nasa.gov

Gail Skofronick Jackson
NASA GSFC
Code 975, Bldg 33, Rm A428
Greenbelt, MD 20771
Ph: 301-614-5720
Fax:
Gail.S.Jackson@nasa.gov

Ivan Somers
GTP Associates, LLC.
7321 Georgetown Pike
McLean, VA 22102
Ph: 703-893-8628
Fax: 703-893-8766
isomers@attg.net

John Sonntag
EG&G Technical Services
2540 A S Walter Reed Dr.
Arlington, VA 22206
Ph: 571-212-0972
Fax:
sonntag@osb.wff.nasa.gov



26

Wenying Su
Hampton University
MS 420 LaRC NASA
Hampton, VA 23681
Ph: 757-864-9501
Fax:
w.su@larc.nasa.gov

Taro Takahashi
Lamont-Doherty Earth
Observatory
61 Rout 9W
Palisades, NY 10964
Ph: 845-365-8537
Fax:
taka@pdeo.columbia.edu
Tim Tooman
Sandia National Laboratories
7011 East Ave.
Livermore, CA 94550
Ph: 925-294-2752
Fax: 925-294-1377
tooman@sandia.gov

Joe Totah
NASA Ames
MS: 269-3
Moffett Field, CA 94035
Ph: 650-604-1864
Fax:
Joseph.J.Totah@nasa.gov

Adrian Tuck
NOAA Aeronomy Laboratory
345 Broadway
Boulder, CO 80305
Ph: 303-497-5485
adrian.f.tuck@noaa.gov

Susan Ustin
University of California Davis
One Shields Avenue
Davis, CA 95616
Ph: 530-752-0621
Fax: 530-754-5971
slustin@ucdavis.edu

Amy Walton
NASA ESTO
Ph: 301-286-9699
Fax:
awalton@esto.nasa.gov

Steve Wegener
NASA Ames
MS 205-5
Moffett Field, CA 99055
Ph: 650-609-6278
Fax: 650-609-3626
swegener@afc.nasa.gov

Elliot Weinstock
Harvard University
12 Oxford Street
Cambridge, MA 2138
Ph: 617-495-5922
Fax:
weinstock@haurp.harvard.edu

James Wilson
University of Denver
Denver, CO
Ph:
Fax:
jwilson@du.edu

Geoff Woolhouse
NASA Ames
892 Hyde Ave.
Cupertino, CA 95014
Ph: 408-973-1419
Fax:
g.woolhouse@comcast.net

Jeff Yetter
NASA LaRC
MS 254 NASA Langley
Research Center
Hampton, VA 23681
Ph: 757-864-3089
Fax: 757-864-1707
j.a.yetter@larc.nasa.gov

Simon Yueh
NASA JPL
4800 Oak Grove Dr.
Pasadena, CA 91109
Ph: 818-354-3012
Fax:
simon.yueh@jpl.nasa.gov

Cheryl Yuhas
NASA Headquarters
Code YS
Washington, DC 20546
Ph: 202-358-0758
Fax: 202-358-2770
cheryl.l.yuhas@nasa.gov

Eva Zanzerkia
NASA HQ
Washington, DC 24056
Ph: 202-358-1138
Fax:
ezanzerk@hq.nasa.gov

Cindy Zook
Zook Associates
3714 Richard Ave.
Fairfax, VA 22031
Ph: 703-591-2755
Fax: 703-591-1042
czook1@aol.com



1

APPENDIX B: Workshop Schedule And Templates

SUBORBITAL SCIENCE MISSIONS OF THE FUTURE

July 13-15, 2004
Location: Key Bridge Marriott Hotel, Rosslyn, Virginia

Sponsored by: Suborbital Science Program

Purpose and Outcome

Develop innovative mission concepts and system requirements for each of six
Earth Science focus areas to guide new investments in suborbital systems
development

Meeting Design

Tuesday, July 13 – 8:00am – 5:00pm

8:00am – continental breakfast
8:30am

Opening: Cheryl Yuhas kicks off the meeting with a review of purpose and
outcomes.  Cindy Zook and John Riordan review the meeting design and
groundrules.  Participants introduce themselves in their respective groups.

Context: Key leads provide a brief overview of the suborbital science
environment:

• Earth Science – Dr. Ghassem Asrar, Chief Scientist for Exploration
• Aeronautics – John Sharkey, DRFC
• Directed Studies – Steve Wegener, ARC
• Progress reports by 3 directed study teams

Key Science Questions: Working in focus area workgroups, participants review
current roadmaps and define the critical science questions most appropriate for
the suborbital platform realm in their assigned Earth Science focus area..

• Given what we have heard about UAV potential, what of the 2007-2015
Roadmap goals could be addressed from a SUBORBITAL platform?

• Are there other things that should be in the Roadmap now that we see
what is possible?

• How would we phase the critical observations in our Earth Science focus
area that are most suitable for the suborbital platform realm?

Networking Lunch
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System Requirements and Mission Concepts:  Randy Albertson and Steve
Wegener review the template and analysis process. Working in focus area
workgroups, participants define observation / measurement requirements and
mission concepts for one of the priority science questions and prepare to report
out results to the larger group the following morning.

Observation / Measurement Definition:
• For each of the critical observations, what specifically do we want to observe

or measure? How would we describe the phenomena we want to measure?
• How does this observation or measurement support this Earth Science focus

area?
• What is the advantage of using a suborbital platform for this observation or

measurement?
• What other cross-cutting areas are impacted by this observation?

Observation / Measurement System Requirements:
• How specifically do we want to observe or measure it?
• What are the instrument / payload characteristics (type, weight, volume,

environmental considerations, and access such as sampling or viewing
ports)?

• What are the flight characteristics (location, altitude, endurance, season,
frequency)?

• What are the communications needs (such as real-time data or instrument
control)?

Mission Concept:
• What are the key elements of the mission concept? Describe a

measurement approach. Provide a narrative describing a “day-in-the-life”
of this mission.  Provide a diagram showing flight profile in time, space
and/or geographic coordinates. Identify any special or unique platform or
mission issues.

5:30pm – 6:30pm – Reception

Wednesday, July 14 – 8:00am – 5:00pm

8:00am – continental breakfast
8:30am
Report Outs:  Focus area workgroups report out the results of their work from
the previous day for one of the observations.  Participants discuss insights from
the process and confirm that all groups are headed in the right direction.

System Requirements and Mission Concepts: Participants continue fleshing
out system requirements and mission concepts for the other critical observations
in their focus area.
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Working Lunch

Continue with system requirements

Thursday, July 15 – 8:00am – 12:0pm

8:00am – continental breakfast

8:30am

System Requirements and Mission Concepts: Participants finish fleshing out
system requirements and mission concepts for their final observation.

Highlights:  Participants discuss in their focus area groups and then report
highlights from the planning process to the entire group.

• What are the highlights that emerged the past two days from our work?

Next Steps & Follow Up: Cheryl Yuhas reviews the next steps in the planning
process and participants provide input.

• How do we stay involved in and support the planning process?
• As a result of this workshop, what are the key messages we want to

deliver to the rest of our science community? To other key stakeholders?

Wrap-up:  Participants critique the meeting and close out with one another.
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System Requirements Template

Earth Science Focus Area:_________________________________________

Critical Observation:

Observation / Measurement Definition: Describe the phenomenon you want to
observe.  Describe what you need to measure.

Explicitly state how this observation and measurement supports this Earth
Science focus area.

Explicitly state the advantage of using a suborbital platform for this
measurement.

Identify other cross-cutting areas impacted by this observation.

Observation / Measurement System Requirements:  Describe how you want
to observe or measure the phenomena.  Consider the following:

• Instrument / Payload characteristics (type, weight, volume, environmental
considerations, and access such as sampling or viewing ports)

• Flight characteristics (location, altitude, endurance, season, frequency).
Discuss number of platforms, formation flying, or other special flight
characteristics.

• Communication needs such as real-time data or instrument control
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Mission Concept:  Describe in as much detail as possible the measurement
approach:

• Provide a narrative describing a “day-in-the-life” of the mission.

• Develop a diagram showing flight profile or maneuvers in time, space
and/or geographic coordinates.

• Identify any special or unique platform or mission issues

• Summarize the key elements of the mission concept for this
measurement.


